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57 ABSTRACT 
A switch path reservation arrangement where any 
paths that are established for calls between two switch 
ing modules are reserved such that most future calls 
between the two modules are set up promptly using 
previously reserved paths with a minimum of inter 
module message communication. Relatively few calls 
require a path hunt involving inter-module negotiation 
to determine a new path. Such new path is not only 
assigned for the call but also thereafter reserved for 
calls between the two modules. Path reservations are 
changed only when required to avoid blocking a call. 
Thus, the path reservation arrangement adjusts the 
number of paths between modules on a per-call basis to 
dynamically match the call traffic load. 

28 Claims, 8 Drawing Sheets 

4000 

2COO 

COMMUNICATION 
MODULE 

NETWORK CONTROL 
AND TIMING INKs 

SWITCH ING 
MODULE 

good-N 

  

  

  

  



U.S. Patent Feb. 14, 1989 Sheet 1 of 8 4,805,166 

40 OO 

ADMINISTRATIVE 
MODULE 

COMMUNICATIONS 
MODULE 

NETWORK CONTROL 
AND TIMING LINKS 

SWITCHING 
MODULE 

SWITCHING 
MODULE 

  

    

  

  

  

  

  

  



U.S. Patent Feb. 14, 1989 Sheet 2 of 8 4,805,166 

ADMINISTRATIVE 
MODULE 

2OOO 

COMMUNICATIONS 
MODULE MESSAGE NETWORK 

SWITCH CLOCK 

NETWORK CONTROL 
AND TIMING LINKS 

SWITCHING 
MODULE 

SWITCHING 
MODULE 

FIG 2 

    

  

  

  

  

  

  

  



U.S. Patent Feb. 14, 1989 Sheet 4 of 8 4,805,166 

FIG 4 
RESERVATION/OWNERSHIP TABLE 

FOR SM 3DOO-N 

is o | 1 || 2 | n 
is o - | n 
Ts 2 14 14 
TS 3 || 1 || 7 | N 
is 4 || 0 | - T N 

: : : 

FIG 5 
CALL ASSIGNENT TABLE 

FOR SM GOOD-N 

ASSIGNED 

Ts 14 
TS S 

    

    

  



U.S. Patent Feb. 14, 1989 Sheet 4 of 8 4,805,166 

FIG 4 
RESERVATION/OWNERSHIP TABLE 

FOR SM 3OOO-N 

RESERVED/ RESERVED TO OWNED BY 
CANNEL NNRGRVD set- SM 3OOO 

Ts o 2 N 
is o T - T N 

FIG 5 
CALL ASSIGNMENT TABLE 

FOR SM 3OOO-N 

Ts 14 

3 Ts 64 
o e 

e g 

  

  



U.S. Patent Feb. 14, 1989 Sheet 5 of 8 4,805,166 

FIG 6 
BIT MAP X FOR M 3OOO-N 

O 2 3 4. 51 

O - NONRESERVED AND IOLE 
1 - OTHERWISE 

FIG 7 
BIT MAP Y FOR SM 3OOO-N 

O S1 l 2 3 4. 

O - OWNED BY SN1 3OOO-N AND IDLE 
1 - OTHERWISE 

FIG - B 
BIT MAP Z FOR SM GOOO-N 

O 5 1 2 3 4. 

O - IDLE 
- BUSY 



U.S. Patent Feb. 14, 1989 Sheet 6 of 8 

2000 

COMMUNICATION 
MODULE 

SWITCHING 
1ODULE 

SWITCHING 
MODULE 

FIG 9 

20 OO 

COMMUNICATIONS 
MODULE 

SWITCH ING 
MODULE 

SWITCH ING 
MODULE 

3OOO-1 3GOO-N 

FIG 10 

4,805,166 

    

  

  
  

  

    

    

  

  

  

  



U.S. Patent Feb. 14, 1989 Sheet 7 of 8 
2OOO 

COMMUNICATIONS 
NODULE 

SWITCH ING SWITCHING 
MODULE 

20 OO 

COMMUNICATIONS 
ODULE 

SWITCH ING SWITCHING 
MODULE MODULE 

GOOO-1 3OOO-N 

FIG 12 

4,805,166 
    

  

    

  

    

  

    

  

  



U.S. Patent Feb. 14, 1989 Sheet 8 of 8 

2OOO 

COMMUNICATIONS 
MODULE 

SWITCHING 
MODULE 

SWITCHING 
MODULE 

4,805,166 

  

  

  



4,805,166 
1. 

SWITCH PATH RESERVATION ARRANGEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to the application of M. T. 
Ardon and J. P. Sassano, Case 5-2, "Communication 
Channel Ownership Arrangement', filed concurrently 
herewith and assigned to the assignee of the present 
invention. 

BACKGROUND AND PROBLEM 
Stored program controlled switching systems have 

traditionally included a central computer that con 
trolled switching functions in reponse to a program 
stored in memory. Although recent switching systems 
have distributed the call processing function among a 
number of system control units, many of the time-con 
suming tasks involved in call setup are still typically 
performed by a central control. For example, in one 
known digital switching system, the switching function 
is distributed among a plurality of switching modules. 
Each switching module has a plurality of ports and 
provides connections among the lines and trunks con 
nected to the ports of that module. Calls involving lines 
or trunks connected to different modules are completed 
through a time-multiplexed switch that interconnects 
the modules. Each switching module includes a control 
unit that controls the switching function of that module. 
The system also includes a central control that controls 
the switching function of the time-multiplexed switch. 
Call handling in such systems requires the execution of 
a number of functions in addition to establishing con 
nections. Although many of the real-time intensive tasks 
associated with calls, e.g., signal processing, are per 
formed by the switching module control units, others, 
notably the determination of the identity of the termi 
nating port of the switching system for each call and the 
path hunting required to select an available path 
through the time-multiplexed switch, are performed by 
the system central control. 
One of the important advantages of a modular system 

of this type is that its capacity can be closely matched to 
the requirements of specific applications. However, as 
the system becomes larger and the number of switching 
modules increases, the performance of per-call tasks by 
the system central control imposes an upper limit on the 
overall system call processing capacity. Even when the 
terminating port determination function is distributed to 
the switching module control units, the performance of 
the path hunt function by the system central control 
undesirably limits system call processing capacity and 
still requires the involvement of the system central con 
trol in setting up individual telephone calls. Accord 
ingly, the computer used as the system central control 
must be very reliable since a failure of that computer 
results in a loss of service to all the system customers. 
Of course each computer reliability requirements typi 
cally translate into a higher overall system cost, as for 
example, when duplicated, high reliability central com 
puters are provided. 

U.S. Pat. No. 4,644,528, issued to M. Ahmad et al. on 
Feb. 17, 1987, discloses a distributed control switching 
system having a central switching stage that can con 
nect each of the channels from a given switching mod 
ule to a corresponding channel from any of the other 
switching modules. Each of the system switching mod 
ules stores information defining the busy/idle status of 

10 

2 
the channels between that switching module and the 
central switching stage. The two switching modules 
involved in an inter-module call negotiate to select the 
path through the central switching stage by selecting 
corresponding idle channels associated with the two 
modules without involving a system central control. 
Although the Ahmad distributed system avoids the 
involvement of a central control in per-call tasks, the 
negotiation required between modules in performing a 
new path hunt for every inter-module call undesirably 
increases both the module call processing load and the 
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control message traffic between modules, thus limiting 
the call capacity improvement otherwise attainable. In 
addition, for most calls the negotiation results in an 
increased postdialing delay. 

In view of the foregoing, a recognized problem in the 
art is the inefficiency of call processing arrangements 
requiring inter-module path hunt negotiation for each 
and every inter-module call. 

Solution 

The foregoing problem is solved and a technical ad 
vance is achieved in accordance with the principles of 
the invention in an exemplary arrangement where any 
paths that are established for calls between two switch 
ing modules are advantageously reserved such that 
most future calls between the two modules are set up 
promptly using previously reserved paths with a mini 
mum of inter-module message communication. Rela 
tively few calls require a path hunt involving inter 
module negotiation to determine a new path. Such new 
path is not only assigned for the call but also thereafter 
reserved for calls between the two modules. Path reser 
vations are changed only when required to avoid block 
ing a call. Thus, the path reservation arrangement ad 
justs the number of reserved paths between modules in 
a per-call basis to dynamically match the call traffic 
load. Although particularly useful in distributed sys 
tems, the path reservation arrangement of the invention 
may also be used by a single central control for rapid 
global assignment of switch paths to calls. 
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An illustrative call processing method in accordance 
with the invention is used in the arrangement including 
a number of call units (switching modules in FIG. 1) for 
each communicating in an associated plurality of chan 
nels, and a switch (communication module in FIG. 1) 
that provides switched connections among the call units 
such that each of the channels associated with any given 
call unit is connectable with a corresponding channel 
associated with any other call unit. A call between first 
and second call units is processed by first determining 
whether there is a channel associated with the first call 
unit that is presently idle and reserved for connecting 
the first and second call units, and that has a corre 
sponding channel associated with the second call unit 
that is also presently idle and reserved for connecting 
the first and second call units. If such idle, reserved 
channel is found, it and a corresponding channel associ 
ated with the second call unit are assigned for the call. 
If no channel is found meeting the stated criteria, pro 
cessing of the call continues by determining whether 
there is a channel associated with the first call unit that 
is presently idle and not reserved for connecting the 
first and second call units and that has a corresponding 
channel associated with the second call unit that is also 
presently idle and not reserved for connecting the first 
and second call units. When no channel is found, the 
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call is blocked. However, when a channel is found, the 
switch establishes a connection between that channel 
and a corresponding channel associated with the second 
call unit, and such channels are assigned for the call and 
reserved for connecting the first and second call units. 
Upon completion of the call, the switch retains the 
established connection for future calls between the first 
and second call units. 

DRAWING DESCRIPTION 

FIG. 1 is a block diagram of an illustrative switching 
system implementing the present invention; 
FIG. 2 is a block diagram of the system of FIG. i 

with a communications module of the system shown in 
more detail; 
FIG. 3 is a block diagram of the system of FIG. 1 

with a switching module of the system shown in more 
detail; 
FIGS. 4 through 8 show various data structures 

stored in one of the switching modules of the system of 
FIG. 1 for use in implementing the present invention; 
and 
FIGS. 9 through 13 are functional control message 

diagrams corresponding to five call processing exam 
ples illustrating the path reservation arrangement of the 
system of FIG. 1. 

DETALED DESCRIPTION 

Switching system 1000 (FIG. 1) has three major com 
ponents: an administrative module (AM) 4000 that pro 
vides systemwide administration, maintenance, and 
resource allocation; a communications module (CM) 
2000 that provides a hub for distributing and switching 
voice or digital data, control information, and synchro 
nization signals; and a number of switching modules 
(SMs) 3000-1,3000-N that perform local switching and 
control functions and that provide interfaces to sub 
scriber lines and interexchange circuits. 
AM 4000 provides the system-level interfaces re 

quired to operate, administer, and maintain system 1000. 
It performs functions that can most economically be 
done globally, such as common resource allocation and 
maintenance control. For reliability, AM 4000 includes 
fully duplicated processors and the two processors 
work in an active/standby configuration. In normal 
operation the active processor has control and, at the 
same time, keeps the data in the standby processor up to 
date. Thus when a fault occurs in the active processor, 
the standby processor is switched into service with no 
loss of data. 
AM 4000 performs many call-processing support 

functions, including systemwide craft maintenance ac 
cess, diagnostic and exercise control and scheduling, 
software recovery and intialization, and certain fault 
recovery and error-detection functions best done on a 
centralized basis. Within AM 4000, there is error-check 
ing circuitry for detecting and isolating faults. AM4000 
also performs administrative functions and provides 
software access to external data links and to disk storage 
(not shown). 
The basic function of CM2000 (FIG. 2) is to provide 

consistent communications between the SMs, and be 
tween AM 4000 and the SMs. A message switch 
(MSGS) 2020 transfers call-processing and administra 
tive messages between the SMs and AM 4000, and be 
tween any two SMs. MSGS 2020 performs a packet 
switching function within system 1000 utilizing the 
well-known X.25 level-2 protocol to transfer control 

O 

15 

20 

30 

35 

45 

50 

55 

65 

4. 
messages through CM2000 and its terminating network 
control and timing (NCT) links 100-1, 100-N. This pro 
tocol includes error detection, positive message ac 
knowledgment, and message retransmission in the event 
of a transmission error. A network clock 2030 provides 
the clock signals that synchronize the time-division 
network. Clock 2030 is synchronized through an exter 
nal source or runs on an internal reference basis with 
periodic updating. 

System 1000 uses a time-space-time architecture. As 
illustrated in FIG. 3, a time-slot interchange unit 
(TSIU) in each SM performs the time-division switch 
ing; a time-multiplexed switch (TMS) 2010 in CM 2000 
(FIG. 2) performs the time-shared space-division 
switching. At each interface unit (FIG. 3) the outputs 
from lines and trunks are converted into 16-bit time 
slots. These bits are used for signaling, control, and 
parity, and for binary-coded voice or data. The time 
slots are switched through the TSIU and time-multi 
plexed on NCT links to TMS 2010. 
TMS 2010 (FIG. 2) is a single-stage switching net 

work that provides the digital paths for switched con 
nections between the modules and for control messages 
among modules. TMS 2010 interconnects the modules 
via the NCT links. Each NCT link carries 256 channels 
(time slots) of multiplexed data in a 32.768-Mb/s serial 
bit stream. One of the time slots carries control mes 
sages, and the remaining 255 time slots carry digitized 
voice or data. Two NCT links are associated with each 
switching module, thus allowing 512 time slots to be 
routed to and from TMS 2010. (However, only a single 
line 100-1 is shown in the drawing to represent both 
NCT links between SM 3000-1 and CM 2000.) Setting 
up a path between a line or trunk on two SMs involves 
finding an idle time slot on one of the NCT links to each 
SM. A path is then set up through TMS 2010 between 
the two NCT links using the selected time slot. The 
TSIU in each SM establishes a path between the se 
lected NCT timeslot and the peripheral timeslot associ 
ated with the line or trunk. (Since the paths are bidirec 
tional, one NCT timeslot is needed for each direction of 
transmission. In the present embodiment however, the 
time slots for the two directions are selected to have the 
same number.) 
One of the signaling bits of the 16-bit time slots on the 

NCT links to TMS 2010, referred to as the E-bit, is used 
for continuity verification between SMs after an inter 
SM call has been set up through TMS 2010. For exam 
ple, after a call between SM3000-1 and SM3000-N has 
been set up through TMS 2010 using a particular time 
slot, both SM3000-1 and SM3000-N begin transmitting 
a logic one E-bit in the particular time slot as a continu 
ity signal and both also begin scanning the E-bit of the 
particular time slot received from the other SM. The 
call setup procedure is not considered complete until 
both SM3000-1 and SM3000-N have detected the E-bit 
continuity signal from the other SM. 
SMs such as SM 3000-1 (FIG. 3) provide call-proc 

essing intelligence, the first stage of switching network, 
and line and trunk terminals. SMs differ in the types and 
quantities of interface equipment they contain, depend 
ing upon the characteristics of the lines or trunks termi 
nating thereon. Certain equipment is however, common 
to all SMs. The common equipment includes a link 
interface 3030, a TSIU 3010, and a module control unit 
3020. Link interface 3030 provides a two-way interface 
between each SM and TMS 2010 in CM 2000, Module 
control unit 3020 controls call processing, call distribu 
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tion, and maintenance functions. A variety of interface 
units 3041, 3042 are available in system 1000. Line units 
provide interfaces to analog lines. Trunk units provide 
interfaces to analog trunks. Digital line trunk units pro 
vide interfaces to digital trunks and remote SMs, while 
digital carrier line units provide the interface to digital 
carrier systems. Integrated services line units provide 
interfaces to digital ISDN lines. Each SM can accom 
modate any mixture of these units, with up to 510 chan 
nels. Two time slots are used for control. 
TSIU 3010 includes a signal processor, which handles 

address and signaling information and a control inter 
face, which distributes control signals to and from the 
interface units. TSIU 3010 switches time slots between 
the interface units in an SM and connects time slots 
from the interface units to time slots on NCT links. 
TSIU 3010 switches 512 time slots-256 from each of 
the NCT links between SM 3000-1 and CM 2000-and 
512 peripheral time slots from the interface units. TSIU 
3010 can connect any of its 512 peripheral time slots to 
any other peripheral time slot, or to any time slot of 
either NCT link to CM 2000. 

Recall that there are 512 channels (time slots) TS0 
through TS511 between a given SM and TMS 2010 
(FIG. 2) and that setting up a path for an inter-module 
call between SM 3000-1 and SM3000-N involves find 
ing a channel that is idle on link 100-1, for example 
TS44, and that has a corresponding idle channel TS44 
on link 100-N. Each SM stores information defining the 
status of the channels between that SM and TMS 2010. 
After an inter-module call is over, the corresponding 
channels are marked idle in the two SMs, but the two 
SMs agree to reserve the corresponding channels for 
future calls between themselves. The corresponding 
channels together with the TMS 2010 connection be 
tween them comprise a reserved path between the two 
SMs. In most cases, reserved paths can be used for 
subsequent calls thus avoiding the hunting of new paths 
and the associated exchange of messages between SMs. 
The path reservations are dynamic in that they are 
adjusted by the SMs as traffic patterns change. 
Each reserved bidirectional path between two SMs 

has one of the SMs defined as the owner. Ownership is 
defined to circumvent glare conditions that would oth 
erwise develop from two SMs attempting to use the 
same reserved path at approximately the same time. An 
owning SM may use a reserved path without negotiat 
ing with the non-owner SM at the other end. The non 
owner must ask the owner to relinquish ownership 
before the non-owner can use the reserved path. 
By virtue of its ownership of a reserved path, an SM 

owns the channels included in such reserved path. An 
SM also owns any of the channels TS0 through TS511 
between that SM and TMS 2010 that are not reser 
ved-the SM can assign non-reserved channels to calls 
without negotiating with any other SM. 

If no reserved path is idle between the originating and 
terminating SMs for a call, a new path between the two 
SMs must be negotiated. The negotiation begins by a 
first SM sending a copy of its map of idle time slots to 
the second SM which compares this map with its own 
map of idle time slots to find a common time slot that is 
idle in both SMs. The first SM must be informed of the 
results of the path hunt, the TMS 2010 connection must 
be made, and E-bit continuity must be sent and received 
at each end before the path is considered complete. 
Whenever a new path is hunted, the time slot that is 

selected may be currently assigned to a reserved path 
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6 
going to a different SM. This conflict can occur at ei 
ther end of the new path or at both ends. In each case, 
the existing reserved path must be removed and its time 
slot reassigned to a new path. The procedure for remov 
ing the reserved path depends on whether the initiating 
SM is the owner or not. If the owning SM wants to 
remove the reserved path, it may immediately do so, but 
a message must be sent to the non-owning SM to notify 
it that the time slot should be released at its end. If the 
non-owning SM wants to remove the reserved path, it 
must first send a message to the owning SM to request 
a release of the reserved path. If the owning SM returns 
an acknowledgement message giving consent, the non 
owning SM can use this time slot knowing that the 
owning SM has already released the reserved path. 
Each SM stores information concerning its 512 asso 

ciated channels TS0 through TS511 in a memory in its 
module control unit. The stored information includes a 
reservation/ownership table, a call assignment table, 
and three bit maps X, Y, and Z. The reservation owner 
ship table for SM3000-N is shown in FIG. 4. The table 
defines the following for each of the channels TS0 
through TS511: 1. whether the channel is reserved (1) 
to any SM or non-reserved (O); 2. for reserved chan 
nels, which SM the channel is reserved to; and 3. which 
SM is the owner of the channel. Note that in the table of 
FIG. 4, there are six reserved paths between SM 3000-1 
and SM 3000-N, two owned by SM 3000-1 and four 
owned by SM3000-N. The call assignment table for SM 
3000-N is shown in FIG. 5. The table defines the net 
work time slot or channel assigned to each active call to 
or from that SM. The bit maps X, Y, and Z for SM 
3000-N are shown in FIGS. 6, 7, and 8. Each bit map 
comprises 512 bits, one for each of the 512 channels TS0 
through TS511. In bit map X, a zero indicates that a 
channel is presently not reserved to any SM and idle. In 
bit map Y, a zero indicates that a channel is presently 
owned by SM 3000-N (either not associated with a 
reserved path or, if it is part of a reserved path, it is 
owned by SM 3000-N) and idle. In bit map Z, a zero 
indicates that a channel is presently idle. 

Five examples illustrating the setup of inter-module 
calls between SMs 3000-1 and 3000-N are described 
hereafter. The examples illustrate five phases that call 
processing goes through if each successive phase is 
unsuccessful in finding a path for the call. FIG. 9 illus 
trates the first example. A call request is originated from 
a line served by SM3000-1. SM3000-1 transmits a route 
request message (A) to one of the other SMs (not 
shown) that serves as the routing module for the partic 
ular directory number that was called. The routing 
module performs the translation of the directory num 
ber and determines that the call is to be terminated to a 
line served by SM 3000-N. The routing module then 
transmits a termination request message (B) to SM3000 
N. SM 3000-N checks its reservation/owernship table 
and bit map Z to determine whether it owns an idle 
reserved path between SM3000-N and SM3000-1. If it 
does, the channel is marked busy in the bit maps X, Y, 
and Z and assigned to the call in the call assignment 
table (FIG. 5). SM3000-N sends E-bit continuity (C) to 
CM2000 and begins E-bit scanning. The network time 
slot chosen for the call is then used to transmit audible 
ring. The identity of the chosen network time slot is 
passed to SM3000-1 in a setup completion message (D). 
SM3000-1 marks the time slot busy in its bit maps X, 

Y, and Z, and proceeds with path setup by sending a 
connect order message (E) to CM2000. SM3000-1 also 
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sends E-bit continuity (F) to CM 2000, begins E-bit 
scanning, and closes the path through its TSIU to the 
appropriate peripheral time slot. 
FIG. 10 illustrates a second example. The route re 

quest message (A) and the termination request message 
(B) are transmitted as before. SM 3000-N checks its 
reservation/ownership table and bit map Z to determine 
whether it owns an idle reserved path between SM 
3000-N and SM 3000-1. In this example, all of the idle 
reserved paths between SM 3000-N and SM3000-1 are 
owned by SM 3000-1. SM 3000-N selects one of the 
reserved paths owned by SM 3000-1 and marks it busy 
and assigned for the call subject to confirmation from 
SM3000-1. The call proceeds similarly but SM 3000-N 
does not send E-bit continuity immediately since the 
same reserved path may be selected by SM 3000-1 for 
another call at about the same time. SM 3000-N sends a 
setup completion message (C) to SM 3000-1. In re 
sponse, SM3000-1 sends a connect order message (D) 
to CM 2000, closes the path through its TSIU, and 
sends a confirmation message (E) to SM 3000-N to 
confirm that SM3000-1 has given up ownership of the 
reserved path. SM 3000-1 also sends E-bit continuity 
(F) and begins E-bit scanning. After receiving the con 
firmation message (E), SM 3000-N transmits E-bit con 
tinuity (G), and begins E-bit scanning. It is highly im 
probable that SM3000-1 would deny the request of SM 
3000-N for ownership; however, if it does, call process 
ing proceeds to the next phase. 
FIG. 11 illustrates the third example. The route re 

quest message (A) and the termination request message 
(B) are transmitted as before. However, in this example, 
SM 3000-N checks its reservation/ownership table and 
bit map Z and determines that there are no idle reserved 
paths between SM 3000-N and SM3000-1. SM 3000-N 
then transmits a time slot map message (C), including its 
bit map Y, to SM3000-N. Recall that bit map Y defines 
the idle owned time slots. The time slot map message 
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(C) is transmitted to SM3000-N prior to transmission of 40 
a setup completion message (D). 
When SM 3000-1 receives the time slot map message 

(C), it looks for a match (corresponding zeros) between 
its bit map X (nonreserved and idle time slots) and the 
bit map Y for SM3000-N included in the message. If a 
match is found, SM 3000-1 sends a new reserved path 
message (E) to SM 3000-N defining the network time 
slot that is to be reserved for connecting SM3000-1 and 
SM3000-N. By the time the new reserved path message 
is received by SM3000-N, it is possible that the timeslot 
has been chosen for a different new reserved path from 
SM3000-N and is now busy. If this occurs the transmis 
sion of the time slot map message to SM3000-1 and the 
matching between the bit map Y included in the mes 
sage and the bit map X of SM 3000-1 is repeated. 

If the chosen time slot defined by the new reserved 
path message (E) is idle and owned by SM 3000-N as 
part of a different reserved path to another SM, the 
other SM is notified via a message (F) that the previ 
ously reserved path between that SM and SM3000-N is 
no longer reserved. 
When the chosen timeslot is accepted by SM3000-N, 

a connect order message (G) is sent to CM 2000 such 
that the appropriate path is established through TMS 
2010. SM3000-N marks the time slot as busy and owned 
by SM 3000-N. SM 3000-N then returns a confirmation 
message (H) to SM 3000-1, begins transmitting E-bit 
continuity (I) to CM 2000, and begins E-bit scanning. 
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In response to the confirmation message (H), SM 

3000-1 transmits E-bit continuity (J) to CM 2000 and 
begins E-bit scanning. SM3000-N will receive the E-bit 
continuity to complete call setup. 
FIG. 12 illustrates the fourth example. The route 

request message (A) and the termination request mes 
sage (B) are transmitted as before. SM3000-N checks its 
reservation/ownership table and bit map Z and deter 
mines that there are no idle reserved paths between SM 
3000-N and SM 3000-1. SM 3000-N then transmits a 
time slot map message (C), including its bit map Y, to 
SM 3000-N. The time slot map message (C) is transmit 
ted to SM 3000-N prior to transmission of a setup com 
pletion message (D). 
When SM3000-1 receives the time slot map message 

(C), it looks for a match between its bit map X (nonre 
served and idle time slots) and the bit map Y for SM 
3000-N included in the message. In accordance with the 
fourth example, no match is found. SM 3000-1 then 
looks for a match between its bitmap Y (owned and idle 
time slots) and the bit map Y for SM3000-N. If a match 
is found and the chosen time slot is part of a reserved 
path to another SM, the other SM is notified via a mes 
sage (E) that the previously reserved path between that 
SM and SM 3000-1 is no longer reserved. SM 3000-1 
sends a new reserved path message (F) to SM 3000-N 
defining the network time slot that is to be reserved for 
connecting SM3000-1 to SM 3000-N. 

If the chosen time slot defined by the new reserved 
path message (F) is idle and owned by SM 3000-N as 
part of a different reserved path to another SM, the 
other SM is notified via a message (G) that the previ 
ously reserved path between that SM and SM3000-N is 
no longer reserved. 
When the chosen timeslot is accepted by SM3000-N, 

a connect order message (H) is sent to CM 2000 such 
that the appropriate path is established through TMS 
2010. SM3000-N marks the time slot as busy and owned 
by SM 3000-N. SM3000-N then returns a confirmation 
message (I) to SM 3000-1, begins transmitting E-bit 
continuity (J) to CM 2000, and begins E-bit scanning. 

In response to the confirmation message (I), SM 
3000-1 transmits E-bit continuity (I) to CM 2000 and 
begins E-bit scanning. SM3000-N will receive the E-bit 
continuity to complete call setup. 
FIG. 13 illustrates the fifth example. The route re 

quest message (A) and the termination request message 
(B) are transmitted as before. SM 3000-N checks its 
reservation/ownership table and bit map Z and deter 
mines that there are no idle reserved paths between SM 
3000-N and SM 3000-1. SM 3000-N then transmits a 
time slot map message (C), including its bit map Y, to 
SM3000-N. The time slot map message (C) is transmit 
ted to SM3000-N prior to transmission of a setup com 
pletion message (D). 
When SM3000-1 receives the time slot map message 

(C), it looks for a match between its bit map X (nonre 
served and idle time slots) and the bit map Y for SM 
3000-N included in the message. No match is found. SM 
3000-1 then looks for a match between its bit map Y 
(owned and idle time slots) and the bit map Y for SM 
3000-N. In accordance with the fifth example, again no 
match is found. At this point, SM 3000-1 transmits a 
time slot map message (E) including its bit map Z (all 
idle time slots) to SM 3000-N. When SM 3000-N re 
ceives the time slot map message (E), it looks for a 
match between its bit map Z and the bit map Z for SM 
3000-1 included in the message. If no match is found, 
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the call is blocked. If a match is found, the chosen time 
slot is likely to be part of a reserved path to another SM. 
If this reserved path is not owned by SM 3000-N, own 
ership must first be reversed before the time slot can be 
accepted. This involves sending a message (F) and wait 
ing for an acknowledgement message (G) from the 
other SM. If the chosen time slot is part of a reserved 
path that is owned by SM 3000-N, the other SM need 
only be notified and no acknowledgement message is 
necessary. SM 3000-N sends a new reserved path mes 
sage (H) to SM 3000-1 defining the network time slot 
that is to be reserved for connecting SM3000-1 and SM 
3000-N. 
The chosen time slot defined by the new reserved 

path message (H) is likely to be part of a reserved path 
between SM 3000-1 and another SM. If this reserved 
path is not owned by SM 3000-1, ownership must first 
be reversed before the time slot can be accepted. This 
involves sending a message (I) and waiting for an ac 
knowledgement message (J) from the other SM. If the 
chosen time slot is part of a reserved path that is owned 
by SM 3000-1, the other SM need only be notified and 
no acknowledgement message is necessary. 
When the chosen time slot is accepted by SM3000-1, 

a connect order message (K) is sent to CM 2000 such 
that the appropriate path is established through TMS 
2010. SM 3000-1 marks the time slot as busy and owned 
by SM 3000-1. SM 3000-1 then returns a confirmation 
message (L) to SM 3000-N, begins transmitting E-bit 
continuity (M) to CM 2000, and begins E-bit scanning. 

In response to the confirmation message (L), SM 
3000-1 transmits E-bit continuity (N) to CM 2000 and 
begins E-bit scanning. SM3000-1 will receive the E-bit 
continuity to complete call setup. 

In the present embodiment, once a path has been 
established through TMS 2010 and reserved for con 
necting two SMs, the path is retained for future calls 
between those SMs until the reservation is removed to 
avoid blocking by TMS 2010. Therefore, the connect 
order message transmitted in the first two examples 
described above is not needed operationally to cause the 
path to be set up. The messages are transmitted how 
ever to enhance the integrity and maintainability of 
system 1000. 
The bit map comparisons (Y against X, Y against Y, 

Z against Z) are performed in the order indicated so 
that the total number of reserved paths in system 1000 
becomes neither too large, leaving few paths available, 
for example, for intra-module calls, or too small, thus 
requiring performance of a new path hunt for a high 
percentage of calls. 

In addition to being useful with respect to reserved 
paths and channels through a switch, communication 
channel ownership and the dynamic adjustment of own 
ership on a per-call basis are also applicable to two-way 
trunks between switching systems. 
What is claimed is: 
1. In an arrangement comprising switch means for 

providing paths among a plurality of call means, a 
method of processing a call between first and second 
ones of said call means comprising 
(A) in response to a call request for said call, deter 

mining whether there is a path of said switch means 
that is presently idle and reserved for connecting 
said first and second call means, 

(B) upon determining a path in step (A), assigning for 
said call said path determined in step (A), 
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(C) upon determining no path in step (A), determin 

ing whether there is a path of said switch means 
that is idle, and that is usable but not reserved for 
connecting said first and second call means, and 

(D) upon determining a path in step (C), assigning for 
said call said path determined in step (C). 

2. A method in accordance with claim 1 further con 
prising 

(E) upon determining said path in step (C), reserving 
said path determined in step (C) for future calls 
between said first and second call means. 

3. A method in accordance with claim 2 further com 
prising 

(F) removing the reservation of said path determined 
in step (C) to avoid blocking by said switch means. 

4. In an arrangement comprising switch means for 
establishing paths among a plurality of call means, a 
method of processing a call between first and second 
ones of said call means comprising 
(A) in response to a call request for said call, deter 

mining whether there is a path of said switch 
means, established between said first and second 
call means, that is presently idle, 

(B) upon determining no path in step (A), said switch 
means establishing a path between said first and 
second call means, and 

(C) reserving said path established in step (B) for 
future calls between said first and second call 
C2S. 

5. A method in accordance with claim 4 further con 
prising 
(D) removing the reservation of said path established 

in step (C) to avoid blocking by said switch means. 
6. In an arrangement comprising a plurality of call 

means each for communicating in an associated plural 
ity of channels and switch means for providing 
switched connections among said call means such that 
each of said channels associated with any given one of 
said call means is connectable with a corresponding one 
of said channels associated with any other one of said 
call means, a method of processing a call between first 
and second ones of said call means comprising 
(A) in response to said call, determining whether 

there is a channel associated with said first call 
means that is presently idle and reserved for con 
necting said first and second call means and that 
has a corresponding channel associated with said 
second call means that is also presently idle and 
reserved for connecting said first and second call 
means, and 

(B) upon determining no channel in step (A), deter 
mining whether there is a channel associated with 
said first call means that is presently idle and not 
reserved for connecting said first and second call 
means and that has a corresponding channel associ 
ated with said second call means that is also pres 
ently idle and not reserved for connecting said first 
and second call means. 

7. A method in accordance with claim 6 further com 
prising 

(C) upon determining a channel in step (A), assigning 
for said call said channel determined in step (A) 
and a corresponding channel associated with said 
second call means. 

8. A method in accordance with claim 7 further com 
prising 
(D) upon determining a channel in step (B), assigning 

for said call said channel determined in step (B) and 
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a corresponding channel associated with said sec 
ond call means, 

9. A method in accordance with claim 8 further com 
prising 

(E) upon determining said channel in step (B), reserv 
ing, for connecting said first and second call means, 
said channel determined in step (B) and a corre 
sponding channel associated with said second call 

SeaS 

10. A method in accordance with claim 9 further 
comprising 

(F) upon determining said channel in step (B), said 
switch means establishing a connection between 
said channel determined in step (B) and a corre 
sponding channel associated with said second call 
3S 

11. A method in accordance with claim 10 further 
comprising 

(G) upon completion of said call, said switch means 
retaining said established connection for further 
calls between said first and second call means. 

12. A method in accordance with claim 10 further 
comprising 
(G) upon completion of said call, said switch means 
removing said established connection. 

13. A method in accordance with claim 10 wherein 
step (B) comprises 

(B1) upon determining no channel in step (A), said 
first call means transmitting a message to said sec 
ond call means defining idle ones of said channels 
associated with said first call means that are not 
reserved for connecting said first and second call 
means, and 

(B2) said second call means determining whether 
there is a channel associated with said second call 
means that is presently idle and not reserved for 
connecting said first and second call means and that 
corresponds to one of said channels defined by said 
message. 

14. A method in accordance with claim 6 further 
comprising 

(C) upon determining a channel in step (B), assigning 
for said call said channel determined in step (B) and 
a corresponding channel associated with said sec 
ond call means. 

15. A method in accordance with claim 6 further 
comprising 

(C) upon determining a channel in step (B), reserving, 
for connecting said first and second call means, said 
channel determined in step (B) and a correspond 
ing channel associated with said second call means. 

16. A method in accordance with claim 6 further 
comprising 

(C) upon determining a channel in step (B), said 
switch means establishing a connection between 
said channel determined in step (B) and a corre 
sponding channel associated with said second call 
3S 

17. A method in accordance with claim 16 further 
comprising 
(D) upon completion of said call, said switch means 

retaining said established connection for future 
calls between said first and second call means. 

18. A method in accordance with claim 16 further 
comprising 

(D) upon completion of said call, said switch means 
removing said established connection. 
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19. A method in accordance with claim 6 wherein 

step (B) comprises 
(B1) upon determining no channel in step (A), said 

first call means transmitting a message to said sec 
ond call means defining idle ones of said channels 
associated with said first call means that are not 
reserved for connecting said first and second call 
means, and 

(B2) said second call means determining whether 
there is a channel associated with said second call 
means that is presently idle and not reserved for 
connecting said first and second call means and that 
corresponds to one of said channels defined by said 
message. 

20. An arrangement comprising 
a plurality of call means each for communicating 

during calls, 
switch means for providing paths among said plural 

ity of call means, 
means for storing reservation and busy/idle status 

information for paths of said switch means, and 
means, responsive to a call request for a call between 

first and second ones of said call means, for assign 
ing for said call a first path of said switch means 
between said first and second call means, when said 
reservation and busy/idle status information indi 
cates that said first path is presently idle and re 
served for connecting said first and second call 
means, and for assigning for said call a second path 
of said switch means between said first and second 
call means, when said reservation and busy/idle 
status information indicates that no path of said 
switch means is presently idle and reserved for 
connecting said first and second call means and that 
said second path is presently idle but not reserved 
for connecting said first and second call means. 

21. An arrangement in accordance with claim 20 
further comprising 
means for updating said reservation information upon 

assignment of said second path for said call to indi 
cate that said second path is reserved for connect 
ing said first and second call means. 

22. An arrangement comprising 
a plurality of call means each for communicating 

during calls, 
switch means for providing paths among said plural 

ity of call means, 
means for storing reservation and busy/idle status 

information for paths of said switch means, and 
means, responsive to a call request for a call between 

first and second ones of said call means when said 
reservation and busy/idle status information indi 
cates that no path of said switch means is presently 
idle and reserved for connecting said first and sec 
ond call means but that a path of said switch means 
between said first and second call means is pres 
ently idle and not reserved for connecting said first 
and second call means, for updating said reserva 
tion information to indicate that said last-men 
tioned path is now reserved for connecting said 
first and second call means. 

23. An arrangement comprising 
a plurality of call means each for communicating in 
an associated plurality of channels, 

switch means for providing switched connections 
among said call means such that each of said chan 
nels associated with any given one of said call 
means is connectable with a corresponding one of 
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said channels associated with any other one of said corresponding channel associated with said second 
call means, call means. 

26. An arrangement in accordance with claim 25 means for storing reservation and busy/idle status 
information for channels associated with a first one wher" 
of said call means and for channels associated with said controlling means controls said swich means to 

retain said established connection for future calls 
a second one of said call means, and between said first and second call means. 

means responsive to a call between said first and 27. An arrangement in accordance with claim 25 
second call means for assigning for said call a first wherein 
channel associated with said first call means and a 10 said controlling means is responsive to completion of 
corresponding channel associated with said second said call for controlling said switch means to re 
call means, when said reservation and busy/idle move said established connection. 
status information indicates that said first channel is 28. An arrangement comprising 
presently idle and reserved for connecting said first a plurality of call means each for communicating in 
and second call means, and for assigning for said an associated plurality of channels, 

switch means for providing switched connections 
among said call means such that each of said chan 
nels associated with any given one of said call 
means is connectable with a corresponding one of 
said channels associated with any other one of said 

call a second channel associated with said first call 
means and a corresponding channel associated 
with said second call means, when said reservation 
and busy/idle status information indicates that 20 
none of said plurality of channels associated with call means, 
said first call means is presently idle and reserved means for storing reservation and busy/idle status 
for connecting said first and second call means and information for channels associated with a first one 
that said second channel is presently idle but not of said call means and for channels associated with 
reserved for connecting said first and second call 25 a second one of said call means, and 
c2S, means, responsive to a call between said first and 

24. An arrangement in accordance with claim 23 second call means when said reservation and 
busy/idle status information indicates that none of 
said plurality of channels associated with said first 

30 call means is presently idle and reserved for con 
necting said first and second call means and that a 
channel associated with said first call means is pres 
ently idle but not reserved for connecting said first 

further comprising 
means for updating said reservation information, 
upon assignment of said second channel for said 
call, to indicate that said second channel and a 
corresponding channel associated with said second 
call means are reserved for connecting said first and second call means, for updating said reserva 
and second call means, - 35 tion information to indicate that said last-men 

25. An arrangement in accordance with claim 24 tioned channel and a corresponding channel associ 
further comprising ated with said second call means are now reserved 
means for controlling said switch means to establish a for connecting said first and second call means. 

connection between said second channel and a k it k k 
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